Background: Cancer cachexia is a debilitating paraneoplastic syndrome featuring unintended weight loss and skeletal muscle atrophy. Evidence suggests that bone health may also be compromised, further limiting mobility and quality of life. Aerobic and resistance training was recently reported to differentially affect skeletal muscle adaptations in cancer cachectic mice. The purpose of this investigation was to assess the effects of aerobic and resistance training on bone mineral density (BMD) and bone mineral content (BMC) in mice with colon-26 (C26) tumor-induced cachexia. Methods: Twelve-month old Balb/c mice were aerobic-trained (wheel running 5 days/week) or resistance-trained (weighted ladder climbing 3days/week) for 8 weeks prior to C26 cell injection, followed by an additional three weeks of exercise. BMD and BMC were assessed pre-and post-training by dual-energy x-ray absorptiometry. Results: Resistance-trained C26 mice lost total BMD by 7% (p = 0.06), which did not occur in aerobic-trained C26 mice. In terms of pelvic bone, both resistance-and aerobic-trained C26 mice had significantly lower BMD values (−12%, p = 0.01 and −6%, p = 0.04, respectively), albeit to a lesser degree in aerobic-trained C26 mice. Furthermore, resistance-trained C26 mice tended to lose total BMC (−12%), whereas aerobic-trained C26 mice maintained total BMC. In mice without C26 tumors, resistance training significantly increased total BMD (+13%, p = 0.001). Conclusions: Aerobic and resistance training may differentially affect bone status in C26 cancer cachexia, with high resistance loading possibly being detrimental to total and pelvis BMD, a region expected to bear significant loading stress and contribute substantially to overall mobility. Because resistance training improved BMD in tumor-free mice, the C26 tumor burden appeared to impair the beneficial effect of resistance training on bone mass.
Background
Approximately half of all cancer patients undergo cachexia, a paraneoplastic syndrome featuring unintended weight loss and skeletal muscle atrophy [1] . Tumorinduced cachexia severely impacts patient trajectory by impairing responsiveness to anti-cancer treatment and reducing quality and quantity of life [2] . Despite accounting for an estimated 20% of cancer-related deaths [3] , cachexia remains an underappreciated issue in oncology and a source of frustration for patients and family members alike given the limited treatment options [1, 4] . To address this unmet need, research has attempted to discern the principal causes and consequences of cachexia. Traditional emphasis has been placed on events specific to skeletal muscle mass and function; however, current frameworks describe a systemic condition in which multiple organs are reprogrammed or remodeled to generate the cachectic phenotype [5] [6] [7] .
Although it is well known that skeletal muscle works in tandem with structures of the skeletal system to produce movement, and that both can be impacted concurrently by disease, the skeletal system has received less attention in cancer cachexia [8] . Given that several signaling events are common to both muscle and bone, inter-organ cross-talk and concurrent degeneration of bone in cancer cachexia is not surprising [8] [9] [10] . It was recently reported that metastasized bone contributes to cachexia-associated skeletal muscle dysfunction [11] , suggesting regulation of skeletal muscle by bone. Furthermore, targeted treatment of cachexia via antibodies improved both lean body mass and bone mineral density [12] . These findings are strongly supportive of the close relationship between cachexia and bone health. Loss of structural integrity in bone substantially increases fracture risk, and ensuing fractures of load-bearing structures would seriously compromise mobility, quality of life, and prognosis. Therefore, bone health merits careful consideration and surveillance in patients that experience cachexia.
To address the numerous defects of cancer cachexia, a multi-modal therapeutic approach consisting of pharmaceutical agents, nutritional support, and programmed exercise training has been proposed [2, 13] . In an effort to improve our understanding of therapeutic exercise applications, we recently investigated the impact of aerobic and resistance training on skeletal muscle plasticity in the colon-26 (C26) mouse model of cancer cachexia [14] . Although resistance training is known to stimulate muscle hypertrophy, we did not find overwhelming evidence of protection by resistance training against cancer-induced muscle atrophy. The marginal influence of resistance training in rodent cancer cachexia was also recently reported by another group of investigators [15] . In contrast, aerobic training has been shown to confer several benefits including maintenance of physical function and reduced hepatosplenomegaly [14] . Furthermore, others reported aerobic exercise to not only inhibit muscle atrophy, but also prolong the survival time of C26 mice [16] . These results suggest differential adaptations to the classical modes of exercise training in rodent models of cancer cachexia. Although exercise training is known to regulate bone remodeling [17] , the influence of different exercise modalities on bone status in cancer cachexia is not well-defined.
The purpose of the present study was to assess the extent to which aerobic and resistance training impacts bone mineral density (BMD) and bone mineral content (BMC) in the colon-26 (C26) mouse model of cancer cachexia. We were particularly interested in whether the divergent responses of C26 mice to aerobic and resistance training might also be reflected in bone.
Methods

Mice and experimental design
Twelve-month old Balb/c female mice (Harlan Laboratories Inc., USA) were randomly assigned to one of three groups: Control (n = 17), Resistance Training (RT, n = 16), or Aerobic Training (AT, n = 16). Mice assigned to RT or AT were given a 1-week period to familiarize with the exercises. All mice then underwent preexperiment assessments of physical function and body composition. Next, mice in RT and AT performed their respective exercises for 8 weeks. Half of the mice in each initial group were then injected s.c. with colon-26 (C26) tumor cells, followed by 3 additional weeks of training. Physical function and body composition measurements were repeated after training, and tissues were collected 48 h after euthanasia for in vitro analysis. In all, six groups were investigated including Control (n = 8), C26 (n = 9), AT (n = 8), AT + C26 (n = 8), RT (n = 8), and RT + C26 (n = 8). During the experiment, two RT + C26 mice met the humane endpoints and were euthanized accordingly. The remaining RT + C26 mice (n = 6) completed the study. All mice were housed individually and fed standard chow and water ad libitum and maintained on a 12:12 h light:dark cycle. Study approval was obtained by the Institutional Animal Care and Use Committee at Florida State University before initiating the project. Physical function measurements, select body composition parameters (total body, lean, and fat mass), and in vitro skeletal muscle data have been previously published [14] . All data pertaining to bone are reported in the present study.
Aerobic and resistance training
Resistance exercise was conducted at a frequency of 3 days per week using weighted ladder climbing [18] . Overload was applied by attaching a padded foam clip with weight at the base of the tail. To increase the loading, washers or paper clips were added to the foam clip. The initial resistance attached was 50% of body weight followed by 10% increases bi-weekly. The specific loading schedule for weeks 1-2, 3-4, 5-6, 7-8, and 9-11 were as follows: RT) 14 ± 1, 17 ± 1, 20 ± 1, 23 ± 1, and 26 ± 1 g; and RT + C26) 14 ± 1, 17 ± 1, 19 ± 1, 22 ± 1, and 25 ± 1 g. The daily protocol began with a single repetition without weight as a warm-up, followed by 5 sets of 3 repetitions at the prescribed loads. One and 2 min of rest were provided between repetitions and sets, respectively. Aerobic exercise was performed at a frequency of 5 days per week, for 60 min per day using motorized wheels (Model 80800A, Lafayette Instrument, Lafayette, IN). Before beginning the main exercise session, mice performed a 15-min warm-up that consisted of speeds increased progressively to the intensity to be used during the main session. The main session speeds for all aerobic-trained groups during weeks 1-2, 3-5, 6-7, and 8-11 of training were 5.0, 6.0, 7.0, and 6.5 m/min, respectively. The speed was reduced to a fast walk (6.5 m/min) during the later stages of the project because the mice exhibited a tendency to grip the bars of the motorized wheels and rotate in circles instead of exercising at the prescribed speed of 7.0 m/min. This speed reduction was sufficient to increase compliance and allow the mice to perform continuous exercise with minimal bar grasping.
C26 tumor cell injection
C26 tumor-bearing mice are widely used to study cancer cachexia [19] [20] [21] . The C26 cells were cultured in a humidified 5% CO 2 incubator using RPMI 1640 supplemented with 1% penicillin/streptomycin (vol/vol) and 10% FBS (vol/vol). At sub-confluency, cells were trypsinized for harvesting (0.05%, Gibco) and pelleted by centrifugation. The supernatant was then removed and the pellet resuspended in PBS. Viable cells were counted by trypan blue staining. Mice in C26 groups were gently restrained and injected s.c. in the upper back with a 0.1 ml cell suspension containing 5.0 × 10 5 cells. Mice assigned to tumor-free groups were injected at the same site with 0.1 ml sterile PBS [20, 22] .
Dual energy x-ray absorptiometry (DXA)
Whole body BMD and BMC as well as regional BMD of the arms, legs, and pelvis were determined by DXA with software provided by the manufacturer (iDXA Lunar, GE). For the pre-experiment measurement, the mice were first anesthetized i.p. with ketamine/xylazine (70/3 mg/kg body wt) and positioned prone on the scanner bed. Each full length scan lasted approximately 1 min. Postexperiment measurements were taken after sacrifice by ketamine/xylazine overdose. The tumors were removed prior to the final scan in accordance with previous work [23, 24] . The region of interest (ROI) for the arms, legs, and pelvis were defined as the junction of the glenoid fossa and humeral head to the distal phalange, the proximal knee to the distal toe, and the superior to the inferior aspect of the pelvis, respectively. A sample scan is shown in Fig. 1 .
Statistical analysis
All data have been reported as mean ± SE. To evaluate effects of the C26 tumor on BMD and BMC, a pre-planned 2-way ANOVA was conducted using the factors of group (Control, C26) and time (pre-, post-experiment). To evaluate effects of exercise training in C26 mice, 2-way ANOVA (group x time) was used to evaluate pre-to posttraining responses in C26, aerobic-trained C26 (AT + C26), and resistance-trained C26 mice (RT + C26). Initial analyses revealed compromised bone parameters in the resistance-trained C26 mice; therefore, to discern if resistance training alone could contribute to the observed degeneration, follow-up 2-way ANOVAs (group x time) were then conducted to evaluate longitudinal responses in resistance-trained mice with and without the C26 tumor (i.e. RT and RT + C26). Significant interactions and main effects were followed up with Tukey's HSD or t-tests. Pvalues ≤ 0.05 were considered significant.
Results
Loss of total BMC and pelvis BMD in C26-tumor induced cachexia
To first verify the induction of weight loss (i.e. cachexia), DXA-determined total body mass was analyzed by 2-way ANOVA (previously published in [14] and reported here for descriptive purposes only). Preexperiment total body mass was not different between Control and C26 (p > 0.05). From pre-to post-experiment, body mass significantly decreased in C26 (−8%, p < 0.01) but was not altered in Control (p > 0.05), indicating that the C26 tumor load caused unintended weight loss. For total BMC and BMD, 2-way ANOVAs found no significant interaction of group x time (p > 0.05). However, there was a significant main effect of time (p ≤ 0.05) on total BMC in which follow-up tests revealed losses in both Control (−9%, p = 0.06) and C26 (−14%, p = 0.02) (Fig. 2a) .
Additionally, there was a significant main effect of time on total BMD (p ≤ 0.05). Follow-up tests showed the effect to be driven by a significant increase in Control (+4%, p = 0.04) whereas there was no difference over time in C26 (p > 0.05) (Fig. 2b) . Analysis of regional bone mineral density found no significant interactions or main effects in the arms or legs (p > 0.05) (Fig. 2c) . However, there was a significant interaction on pelvis BMD (p ≤ 0.05). At pre-experiment, pelvis BMD tended toward greater values in C26 vs. Control (+5%, p = 0.06) (Fig. 2c) . When examined longitudinally, pelvis BMD Values are mean ± SE, n = 8-9/group tended to increase in Control (+8, p = 0.06) while C26 significantly decreased (−8%, p = 0.04) (Fig. 2c) . When compared at post-experiment, pelvis BMD was significantly lower in C26 (−10%, p = 0.04) (Fig. 2c) .
Loss of total BMD and BMC in resistance-but not aerobictrained C26 mice
To explore the impact of aerobic and resistance training on bone health of C26 tumor-bearing mice, twoway ANOVA was conducted using the factors of group (C26, AT + C26, and RT + C26) and time (preand post-training). ANOVA found a significant main effect of time on total BMC (p ≤ 0.05). Post hoc tests showed the effect be driven by a significant decline in C26 (−14%, p = 0.02) and a tendency toward loss in RT + C26 (−12%, p = 0.11) (Fig. 3a) . Total BMC in AT + C26 did not change over time (p > 0.05) (Fig. 3a) . For total BMD, there was a significant interaction of group x time (p ≤ 0.05). Follow-up tests indicated no differences between the three groups at pre-training (p > 0.05) (Fig. 3b) . When evaluated longitudinally, RT + C26 tended to lose total BMD (−7%, p = 0.06) whereas C26 and AT + C26 were not significantly altered (p > 0.05) (Fig. 3b) . When compared at posttraining, total BMD was significantly lower in RT + C26 vs. C26 (−8%, p = 0.05) (Fig. 3b) . Total BMD in RT + C26 also tended to be lower than AT + C26 at post-training (−8%, p = 0.07) (Fig. 3b) . In the regional assessments, ANOVA did not detect significant differences at the arms or legs (p > 0.05) (Figs. 4a and b) . At the pelvis however, there was a significant main effect of time that follow-up tests showed to be driven by pre-to post-training reductions in all three C26 groups (−6-12%, p = 0.01-0.04) (Fig. 4c) . Longitudinal changes in the total body mass of exercisetrained C26 mice were previously reported [14] and Fig. 3 Differential response of total bone mineral content (BMC) and bone mineral density (BMD) to aerobic and resistance training in colon-26 (C26) tumor-induced cachexia. Dual-energy x-ray absorptiometry was used to assess the effect of each training mode on total BMC (a) and total BMD (b) in mice bearing the C26 tumor. Values are mean ± SE, n = 6-9/group. AT + C26 aerobic-trained C26 mice. RT + C26 resistance-trained C26 mice are provided here for descriptive purposes. No pretraining differences were noted, however, total body mass significantly decreased over time (p < 0.01) in C26 (−8%), AT + C26 (−18%), and RT + C26 (−15%). The three C26 groups were not significantly different when compared at post-training (p > 0.05).
Increased total BMD in tumor-free resistance-trained mice
To explore whether the deficits in resistance-trained C26 mice related to the nature of the resistance training program itself, 2-way ANOVAs were conducted to evaluate longitudinal changes in Controls, resistance-trained mice without tumors (RT), and resistance-trained C26 Values are mean ± SE, n = 6-9/group. AT + C26 aerobic-trained C26 mice. RT + C26 resistance-trained C26 mice mice (RT + C26). There was a significant interaction of group x time on total BMD (p ≤ 0.05). Pre-experiment total BMD was not different between the three groups (p > 0.05) (Fig. 5a) . From pre-to post-experiment, total BMD significantly increased in Control (+4%, p = 0.04) and RT (+13%, p = 0.001), whereas RT + C26 demonstrated a deficit (−7%, p = 0.06) (Fig. 5a) . When compared at postexperiment, total BMD was greater in RT vs. Control (+8%, p = 0.06) and RT + C26 (+23%, p < 0.001) (Fig. 5a ). There was also a significant interaction of group x time on pelvis BMD (p ≤ 0.05). Pre-experiment values were not different between the three groups (p > 0.05) (Fig. 5b) . From pre-to post-experiment, pelvis BMD increased in Control (+8%, p = 0.06) and RT (+7%, p = 0.07), but decreased in RT + C26 (−12%, p = 0.01) (Fig. 5b) . At post-experiment, pelvis BMD in RT was greater than RT + C26 (+25%, p = 0.001), but not different from Control (p > 0.05) (Fig. 5b) . Control also had greater pelvis BMD compared to RT + C26 (+19%, p = 0.009) (Fig. 5b ). There were no significant interactions or main effects for BMD at the arms and legs (p > 0.05) (data not shown).
Discussion
This investigation evaluated the impact of aerobic and resistance training on bone status in C26 tumor-bearing mice. Our principal findings were that resistance-trained C26 mice lost total BMD (−7%, p = 0.06), which did not occur in aerobic-trained C26 mice (p > 0.05) (Fig. 3b) .
Resistance-trained C26 mice also showed a significant decrease in pelvis BMD (Fig. 4c) . Although aerobic-trained C26 also showed a significant reduction of pelvis BMD, the degree of loss displayed by resistance-trained C26 mice was approximately twice as great (Fig. 4c) . In addition, resistance-trained C26 mice tended to lose total bone mineral content (−12%, p = 0.11) whereas aerobictrained C26 mice maintained total bone mineral content (p > 0.05) (Fig. 3a) . These findings suggest that aerobic and resistance training may differentially affect BMD and BMC in cancer cachexia, with high resistance loading possibly being detrimental to bone health.
Changes in BMD and BMC in colon-26 cancer cachexia
In this murine model of cancer cachexia, C26 mice experienced a 14% decrease in total BMC from pre-to post-experiment (Fig. 2a) . During the same period, tumor-free Control mice experienced a 9% loss of total BMC that tended toward significance (Fig. 2a) . Because we used mice that were 12 months of age at the study's commencement, these findings suggest that age may have contributed to some of the mineral content loss. Nonetheless, C26 mice exhibited an additional 5% decrease that presumably occurred as a result of the tumor. Interestingly, total BMD in Control significantly increased by 4% from pre-to post-experiment whereas C26 mice did not show any significant change (Fig. 2b) .
Since BMD accounts for BMC relative to the area evaluated, the loss of total BMC but unchanged BMD in C26 mice (Figs. 2a and b) suggests remodeling that possibly expanded bone area in order to maintain total density. In contrast, mice with Lewis lung cancer cachexia showed a statistically significant 5% loss in total bone mineral density [8] , which may relate to differences in the model used and age of the mice. When analyzed at specific regions, C26 mice showed a significant decrease of BMD at the pelvis but not the arms or legs (Fig. 2c) . Given the load bearing role of the pelvis, mobility would likely be compromised and quality of life reduced. It may also be worth mentioning that myofiber cross-sectional area of the gastrocnemius (reported previously in [14] ) correlated significantly with delta total BMD (r = 0.47, R 2 = 0.22, p < 0.01) and delta pelvis BMD (r = 0.58, R 2 = 0.33, p < 0.01) (data not shown). This suggests that changes in BMD parallel changes in muscle mass in C26 cancer cachexia. Such alterations in bone add to the existing number of abnormalities that may require surveillance during cancer cachexia.
Our use of DXA to assess skeletal properties in the present work merits further discussion, particularly with respect to the technical aspects of this device. Although widely used in clinical and research settings, DXA measures the average bone mineral content in a 2-dimensional area, and is unable to assess changes in bone microstructure and tissue density [25] . In contrast, 3-dimensional imaging systems such as quantitative computed tomography can distinguish these parameters in both cortical and cancellous bone [25] . This is particularly important since microarchitecture is an indicator of bone quality [26] . Therefore, future work in this area should incorporate assessments of bone microstructure to better understand changes that occur during cancer cachexia, as well as the efficacy of exercise therapies.
Differential response of BMD and BMC to aerobic and resistance training in C26 mice
We previously reported divergent effects of aerobic and resistance training on skeletal muscle adaptations in the same mouse model of cancer cachexia [14] . Specifically, we did not find compelling evidence of a favorable countermeasure effect by resistance training. Our current findings further support a differential response to aerobic and resistance training in cancer cachexia, with specific reference to bone status. Resistance-trained C26 mice displayed a 12% drop in total BMC that although not statistically significant (p = 0.11) (Fig. 3a) , was comparable to the statistically significant deficit experienced by their sedentary C26 counterparts (−14%, p = 0.02) (Fig. 2a) . In contrast, aerobic-trained C26 mice maintained total BMC during the same period (Fig. 3a) . Furthermore, resistance-trained C26 mice demonstrated loss of total BMD that nearly reached statistical significance (−7%, p = 0.06) (Fig. 3b) , whereas aerobic-trained C26 mice did not experience significant changes (Fig. 3b) . With respect to pelvis BMD, exercise training was unable to prevent deficits over time as all three C26 groups showed significant pre-to post-training reductions (Fig. 4c) . It may be worth noting that the degree of pelvic BMD loss in resistance-trained C26 mice was twice as much as their aerobic-trained counterparts (Fig. 4c) . Therefore, it could be suggested that resistance training may have exacerbated deterioration of pelvic BMD during cancer cachexia.
Resistance training enhanced total BMD in tumor-free mice
Based on the adverse impact of high-resistance loading in tumor-bearing mice, we then conducted additional analysis on the longitudinal bone responses in Control, tumor-free resistance-trained mice (RT), and resistancetrained C26 mice (RT + C26). The purpose of this follow-up was to define and compare the bone responses to resistance training in mice with and without C26 tumor-induced cachexia. Such an approach was important to discern whether the resistance training program alone may have contributed to losses of BMD seen in RT + C26 (Fig. 3b) , or if the degeneration resulted from the combined effect of resistance training and tumor load. We found that tumor-free resistance-trained mice significantly increased total BMD by 13% from preto post-training, with values at post-training being greater than Control (+8%, p = 0.06) and RT + C26 (+23%, p < 0.001) (Fig. 5a ). Tumor-free resistancetrained mice also tended to increase BMD of the pelvis (+7%, p = 0.07), with values at post-training being greater than RT + C26 (+25%, p = 0.001) (Fig. 5b) . These improvements in BMD after resistance training are consistent with the general assertion that exercise-induced mechanical loading benefits bone health [27] . Therefore, our data suggests the total BMD loss in resistance-trained C26 mice to result from the combined stress of mechanical overload and tumor burden rather than their individual impact. This idea is supported by the minimal effect of the C26 tumor alone on total BMD (Fig. 2b) , and the improvement in total BMD of resistance-trained mice without tumors (Fig. 5a) .
The possibility exists that metastatic bone disease could have predisposed the resistance-trained C26 mice to skeletal complications. Although it is well-established that colorectal cancer does not frequently metastasize to bone [28] , mice bearing the C26 tumor have been previously used to study bone metastasis [29] , and possible pathological fracture is a significant concern [30] . However, in prostate cancer patients with bone metastasis, 12-weeks of resistance training was well-tolerated, did not cause skeletal complications, and significantly improved physical function and body composition [31] .
Although it would be difficult to make direct comparisons with this study given the different cancer type and model (patients vs. mice), resistance training appeared to be beneficial even in the presence of metastatic disease. Therefore, the deficits observed in the present study may only be applicable to resistance loading in the C26 model of cancer cachexia.
Lastly, although the impact of aerobic training in tumor-free mice was not a principal aim of this study, it may be worth discussing how this other major exercise modality impacted bone. We performed a secondary analysis on longitudinal changes in total BMD in tumorfree aerobic-trained mice (AT) and aerobic-trained C26 mice (AT + C26) by 2-way ANOVA. There was a significant interaction of group by time on total BMD (p ≤ 0.05) (data not shown). At pre-training, no differences were noted between the groups (p > 0.05). From pre-to posttraining, total BMD significantly increased in tumor-free aerobic-trained mice (+7%, p = 0.025), whereas aerobictrained C26 mice showed no significant change (p > 0.05). These findings suggests that in our hands, aerobic training can also promote increased bone mass in tumor-free mice, but to a lesser extent than resistance training (+7% in AT vs. +13% in RT). It also indicates that despite a reduction in training speed toward the end of the study to promote increased compliance, a positive adaptive response was still evident.
Perspectives and Conclusions
Therapies for cancer cachexia are likely to consist of multiple arms such as pharmaceutical agents, nutritional support, and exercise training. Because skeletal muscle atrophy and dysfunction are hallmark features of this paraneoplastic syndrome, skeletal muscle is a principal target in cancer cachexia therapies. Bone health is an underappreciated aspect of cancer cachexia despite being in close proximity to skeletal muscle, acting coordinately to generate movement, and cross-talk mechanisms regulating both organs. Aerobic and resistance training, the classical exercise modalities often used in clinical and sport settings, have been reported to induce different skeletal muscle adaptations in rodent models of cancer cachexia. Resistance training in particular did not appear to provide convincing protective effects. In agreement, we found BMD and BMC to also be differentially affected by aerobic and resistance training. Specifically, application of high resistance loading in the presence of a cachexia-promoting tumor may have facilitated the degeneration of bone mass. Additional work is needed to understand how resistance loading during C26 tumor burden may have affected regulators of bone metabolism (e.g. osteocalcin, ALP, TRAF). Follow-up investigations should also conduct histological analysis and 3-dimensional imaging by micro-CT scanning to determine microstructural characteristics and estimate biomechanical parameters. These important techniques were not performed in the present work and are limitations of this study. Incorporation of these approaches would provide better insight on skeletal changes during cancer cachexia, such as cortical bone characteristics, which is particularly relevant because a majority of non-vertebral fractures occur at cortical sites, age-related deterioration of appendicular bone is mostly cortical, and much of this bone loss arises from intracortical remodeling leading to porosity [32, 33] . Such technical approaches would also help to evaluate the efficacy of exercise therapies. Nevertheless, our findings illustrate the importance of applying disease-specific exercise therapies rather than general programming principles across different pathologies. 
